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∫ (
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2
S + Lφ
)√
|g| d4x, Lφ = 〈dφ, dφ〉 − 2V (φ) , !;"
T = 2 dφ⊗ dφ− (〈dφ, dφ〉 − 2V (φ)) g ,
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e0 =
1
A
∂t , e1 =
1
B
∂r , e2 =
1
C
∂θ , e3 =
1
C sin θ
∂ϕ ,
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e0 = Adt , e1 = B dr , e2 = C dθ , e3 = C sin θ dϕ ,
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G00 = T00 : −2
C(1)(1)
C
+2
B(0)C(0)
BC
−
C2(1) − C2(0) − 1
C2
= φ2(0) +φ
2
(1) +2V ,
!?"
G11 = T11 : −2
C(0)(0)
C
+2
A(1)C(1)
AC
+
C2(1) − C2(0) − 1
C2
= φ2(0) +φ
2
(1)−2V ,
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G22 = T22 :
A(1)(1)
A
− B(0)(0)
B
+
C(1)(1)
C
− C(0)(0)
C
+
A(1)C(1)
AC
− B(0)C(0)
BC
=
= φ2(0) − φ2(1) − 2V , !D"
G01 = T01 : −2
C(0)(1)
C
+2
B(0)C(1)
BC
≡ −2C(1)(0)
C
+2
A(1)C(0)
AC
= 2φ(0)φ(1) ,
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φ+V ′φ = 0 : φ(0)(0)−φ(1)(1) +φ(0)
(BC2)(0)
BC2
−φ(1)
(AC2)(1)
AC2
+V ′φ = 0 .
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Υij; k gjk = 0 , !B"
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(Υ00)(0) +
B(0)
B
(Υ00 + Υ11) +
C(0)
C
(2Υ00 + Υ22 + Υ33)−
−(Υ01)(1) − 2
(AC)(1)
AC
Υ01 = 0 , !G"
(Υ11)(1) +
A(1)
A
(Υ00 + Υ11) +
C(1)
C
(2Υ11 −Υ22 −Υ33)−
−(Υ01)(0) − 2
(BC)(0)
BC
Υ01 = 0 , !;="
Υ22 = Υ33 . !;;"
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(Υ00)(0) +
(BC2)(0)
BC2
Υ00 − (Υ01)(1) − 2
(AC)(1)
AC
Υ01 = 0 , !;C"
−(Υ01)(0) +
A(1)
A
Υ00 − 2
(BC)(0)
BC
Υ01 = 0 . !;?"
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B¨
B
+
C′2
B2C2
− C˙
2
C2
− 1
C2
+φ˙
2 − φ
′ 2
B2
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C¨
C
+
1
BC
(
C′
B
)′
− B˙C˙
BC
+φ˙
2
+
φ′ 2
B2
= 0 , !;E"
φ¨ − 1
B
(
φ′
B
)′
+ φ˙
(
B˙
B
+ 2
C˙
C
)
− 2 φ
′C′
B2C
+ V ′φ = 0 , !;<"
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B(0, r) = b0(r) , B˙(0, r) = b1(r) , C(0, r) = c0(r) , C˙(0, r) = c1(r) !;B"
φ(0, r) = φ0(r) , φ˙ (0, r) = φ1(r)
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2
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(
C′
B
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− 2 B˙C˙
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+
C′2
B2C2
− C˙
2
C2
− 1
C2
+φ˙
2
+
φ′ 2
B2
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C
− B˙C
′
BC
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1
2
(
b0
c20
(
c21 + 1
) − c′′0 2
b0c20
+
φ′′0
2
b0
− b0φ21
)
t2 + . . . , !CC"
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0
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+
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− c0φ
′
0
2
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− c0φ21
)
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2
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′
0
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− b
′
0φ
′
0
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+
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− b1φ1
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− 2c1φ1
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)
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(
1
b20
)′
+
(
1
r
+ rφ′0
2
)
1
b20
= 2c1
b1
b0
+
1 + c1
r
− rφ21 − 2 rV (φ0) ,
b1
b0
= c1′ + rφ0φ1 .
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1
b20
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1
eF
⎡⎣1 + 1
r
∞∫
r
(
1− g eF ) dr
⎤⎦ , !CE"
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g(r) = 1 + (rc21)
′
+ r2
(
2 c1φ0φ1 − φ 21 − 2 rV (φ0)
)
, F (r) = −
∞∫
r
φ′0
2
rdr . !C<"
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 φ0(r), φ1(r), c1(r)# 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#
-*#  O(1/r2) # )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* &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V (φ) = O(φ2) -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0&/ &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5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0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  ;87*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 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 &/ &K)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'
5 %05  . &) ∇e0e1 = 0 , e0 = ∂t  R0101 = B¨/B #
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ξ¨ − ξB¨/B = 0 , ξ(0, r) = 1 , ξ˙(0, r) = 0, !CB"
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,* 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 r , θ , ϕ # &, ** * t > t∗ - t∗ > 0 # & t < t∗
- t∗ < 0  
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0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*'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 * 0 < t1 <
t2 . . . # &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0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*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 φ0(r), φ1(r), c1(r)#  )K  O(1/r2) - r → ∞ # *
# φ1(r), c1(r) )K  O(r2) - r → 0 #  φ0(r) 0 &08
 %&/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- H&K' 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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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 *
 -*40 #  * *&# 0 KI, 78
', &&/ *, 5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a=0.2
0.1
0.105
0.11t 0.25
0.3
0.35
r
–0.02
0
0.02
0.04
0.06
a=0.2
0
0.2
0.4
0.6
0.2 0.3 0.4
r
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( & f(t, r)   $ 
 $ )#
 '
)( #*  +,  # ) a = 0.2 -( .
 #'
( %! #$ 
& f(t, r) + ,  )) ) t = 0.100, t =
0.105, t = 0.110 
;A  
	  	 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a=0.5
0.8
1
1.2r 0.05 0.1 0.15 0.2t
0.635
0.64
0.645
0.65
0.655
a=0.308
0.5 0.6 0.7
r 0 0.1
0.2 0.3 0.4
t
0.405
0.41
0.415
0.42
  ! /& # &( f(t, r)  #$ ) a =
0.5  a = 0.308 %! $ #*
 )0$ $
 $1 $
# *. #( t &$ f(t, r)   $) #  $
 0 < r <∞ + ')$, %! #( 
(
 +)2#( ,
/K 0& 
C  -' &&- 0& )%, H*&/ !4" 8
%   0 (th, rh)# 5%KI, &* f(th, rh) = 0 K8
  -& 0 < t < th , 0 ≤ r <∞ 50, 7', f(t, r) -#
-&4&/  * *- f(t, 0) = f(t,∞) = 1 # 0  8
&,* .K )% %  t > th % /, *#   
f(t, r1(t)) = 0 , f(t, r2(t)) = 0 # -0*  % &,K &K
0 < r1(t) < r2(t)   *  * & (th, t1) #  0&8
,  I K, *# 7' f(t, r1(t)) = 0  f(t, r2(t)) = 0
 * )K  %K 
  ;n C - %&/ 0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5 0 &, -*08
 * 0&/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c0 = r , c1 = 0 , φ0 = 0 , φ1 =
√
2a e−a/r
r2
, b0 =
(
1− e
−2a/r
r
)−1/2
, b1 = 0 ,
!CG"
 & -,K,  &&KK )% %^# ,
-0&/ %*I,  0 . &, )%* !V (φ) = 0"
&, -&, % 7*& !CC" n !CA"  !CG" &# 0 B2 = 1 − 1/r + o(1/r)
- r → 0 # -H* ., * &, 5 %0 -* a )&K
.'.&/ *#  = D !  G/c2  )05 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
1 *& K - %0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8
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 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# &)&/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k;l ]SW[XRTUT_YT_ q rYTb^Y Os[XRONFO TV \ONOW^Y[XOU XTY_R[TNX TV RSO XaSOW[F^YY`
X`QQORW[F c[NXRO[N8XF^Y^W Od_^R[TNX [N RSO Y^W\Ott ]TQQ_N u^RS vS`X # ;GBE 
w ;=E# a DB<nEC; 
kCl ]STaR_[x u f ]W[R[F^Y bOS^Z[TW [N \W^Z[R^R[TN^Y FTYY^aXOttvWT\ eSOTW vS`X 
y_aaY # ;GGG w ;?E# a ?D?n?ED 
k?l z^Q^UW{O | y # yROP^WR } u eSO XaSOW[F^YY` X`QQORW[F FTYY^aXO TV ^ Q^XXYOXX
XF^Y^W gOYUtt ]Y^XX ~_^NR_Q rW^Z ;GGE w ;?# a AG<nD;C !^W[Z@ \W8
dFtGD=E=AA" 
kAl r_NUY^FS ] ]W[R[F^Y aSONTQON^ [N \W^Z[R^R[TN^Y FTYY^aXOttvS`X |Oa # C==? w 
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